The International Subarachnoid Aneurysm Trial has shown that coil embolization achieves a better outcome for aneurysms treatable by either clipping or coil embolization. However, many ruptured aneurysms are hardly treatable by either clipping or coil embolization. Selection of either clipping or coil embolization will affect the treatment outcome for ruptured aneurysms. The relationship between patient selection and treatment outcome in a so-called``regional center hospital'' in Japan must be clarified. This study included 113 patients with ruptured intracranial saccular aneurysms measuring less than 10 mm. Selection criteria for coil embolization were principally paraclinoid or posterior circulation aneurysm, Hunt and Hess grade IV or over, and patient age 75 years or older. Other aneurysms were principally treated by clipping. Aneurysms with a dome/neck ratio of less than 1.5, distorted aneurysms, Hunt and Hess grades I-III, patient age 74 years or younger, and middle cerebral artery aneurysm were actively treated by clipping. A few exceptional indications were considered in detail. Low invasiveness coil embolization is better than clipping to obtain good neurological outcome for patients with perforators difficult to dissect, aneurysms difficult to dissect due to previous open surgery, and aneurysms requiring bilateral open surgery, despite the slightly higher rebleeding rate in coil embolization. Overall outcomes were modified Rankin Scale (mRS) 0-2 in 82 of 113 patients (73%) and mRS 3-6 in 31 (27%). Appropriate selection of clipping or coil embolization can achieve acceptable treatment outcomes for ruptured aneurysm.
Introduction
The International Subarachnoid Aneurysm Trial (ISAT) has shown that coil embolization achieves better outcomes for aneurysms treatable by either clipping or coil embolization, but the rebleeding rate is higher after coil embolization. 5) However, randomization was performed for only 22.4% of the patients. In clinical practice, all ruptured aneurysms must be treated by either clipping or coil embolization, but many cases are difficult to treat by one or the other of these methods. Preoperative grade and patient age are also important factors affecting outcome. Selection of either clipping or coil embolization affects the treatment outcome for ruptured aneurysms. The relationship between patient selection and treatment outcome in a so-called``regional center hospital'' in Japan should be clarified, defined as a hospital to which most patients with ruptured aneurysm in the region are transported.
The present study analyzes cases of ruptured aneurysms treated by clipping or coil embolization using selection criteria based on the location and morphology of aneurysm, preoperative grade, and patient age in our hospital, and discusses some additional other factors influencing selection.
Patients and Methods
This study included 113 patients with ruptured intracranial saccular aneurysms measuring less than 10 mm treated between April 2006 and January 2010. Aneurysms larger than 11 mm were excluded because of the unsatisfactory outcome of coil embolization for such aneurysms. Patients with Hunt and Hess (H&H) grade V before surgery, but not on admission, were also excluded.
All patients were admitted and underwent surgery within 48 hours after onset. Surgery was performed under general anesthesia. For coil embolization, adjunctive techniques were sometimes used, such as the double catheter technique and neck plasty. Cisternal drainage was placed during clipping and spinal drainage was placed immediately after coil embolization and maintained for around 2 weeks following treatment. Administration of fasudil hydrochloride was started on the day after clipping and 2 days after coil embolization, and continued for 2 weeks. If symptomatic spasm developed, sodium ozagrel was also administered. If hydrocephalus developed, ventriculoperitoneal shunting was performed. The outcome was evaluated around 2 months after onset using the modified Rankin Scale (mRS). The range of mRS 0-2 was defined as a good outcome.
Patient selection was based on the severity of subarachnoid hemorrhage, age, and morphology and location of the aneurysm. Selection criteria for coil embolization were principally paraclinoid or posterior circulation aneurysm, H&H grade IV or over, and patient age 75 years or older. Other aneurysms were principally treated by clipping. Aneurysms with a dome/neck ratio of less than 1.5, distorted aneurysms, H&H grades I-III, patient age 74 years or younger, and middle cerebral artery aneurysm were treated actively by clipping. However, the final treatment selection was additionally based on detailed considerations of the relationship between the aneurysm and surrounding arteries, especially the perforators, brain swelling, and hematoma thickness. In principle, 61 patients were indicated only for clipping, 34 patients only for coil embolization, and 18 patients were indicated for either treatment. Treatment selection was exceptional in 13 patients.
The distribution of aneurysms and selection of treatment are shown in Fig. 1 , with 77 aneurysms (68%) treated by clipping and 36 (32%) by coil embolization. Patient age distribution is shown in Fig.  2 . The mean age of patients treated by clipping was 59.1 ± 12.4 years, and that of patients treated by coil embolization was significantly higher at 71.5 ± 11.6 years (p º 0.05 by Wilcoxon rank sum test).
Statistical analyses examined the relationships between patient age, treatment, and outcome (chisquare test), relationships between neurological grade before surgery, treatment, and outcome (chisquare test), outcomes for paraclinoid and posterior circulation aneurysms, specific causes for poor outcome in patients with good preoperative neurological grade, relationship between rebleeding rate and treatment (chi-square test), specific causes for rebleeding, and outcomes of patients with exceptional treatment selection.
Results
The relationships between age, treatment, and outcome are shown in Fig. 3 . The outcomes of treatment by clipping or coil embolization showed no significant differences between patients aged 69 years or younger and patients aged 70 years or older. However, combination of both groups demonstrated that patients aged 69 years or younger had significantly better outcomes than patients aged 70 years or older (p º 0.05 by chi-square test).
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Treatment Selection for Ruptured Aneurysm and Outcomes ical grade, treatment, and outcome are shown in Fig.  4 and Table 1 . Patients treated by clipping or coil embolization with H&H grades I-III were both significantly more likely to achieve good outcomes compared with patients with H&H grade IV (p º 0.05 by chi-square test). Combination of all patients treated by clipping and coil embolization showed similar findings (p º 0.05 by chi-square test). Overall outcomes were mRS 0-2 in 82 of 113 patients (73%) and mRS 3-6 in 31 (27%). Three internal carotid artery paraclinoid portion aneurysms and 5 posterior circulation aneurysms were treated by coil embolization. Two patients with poor outcomes had preoperative H&H grade IV, indicating that outcomes of aneurysms in this location reflected the preoperative grade. I  6  5  0  0  0  0  0  II  9  1  4  1  1  0  1  III  16  1  12  2  2  0  0  IV  0  0  7  1  6  1  1  Coil embolization  I  3  1  1  0  0  0  0  II  1  1  2  0  0  0  1  III  3  2  4  1  2  0  1  IV  0  0  3  2  3  2  3 H&H: Hunt and Hess, mRS: modified Rankin Scale.
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Patients with good preoperative neurological grade but poor outcome are shown in Table 2 . After clipping, seven patients showed poor outcome: one developed rebleeding, one underwent second surgery, one elderly underwent bilateral surgery, one suffered perforator injury, two had aphasia and hemiparesis on admission, and one was elderly. After coil embolization, five patients showed poor outcomes: two developed rebleeding, two had aphasia and hemiparesis on admission, and one was elderly. The most suitable treatment was given for any complications.
Patients with rebleeding and the causes are shown in Table 3 . Rebleeding rates were 2 of 77 patients (2.6%) after clipping and 3 of 36 (8.3%) after coil embolization, without significant difference by chisquare test. Causes of rebleeding were aneurysm remnant hidden behind the aneurysm or parent artery in two cases treated by clipping, and inadequate coil embolization in three cases, due to protrusion of one loop of the coil into the parent artery, inability to embolize the neck of the infantile type posterior communicating artery aneurysm, and broad neck of the middle cerebral artery aneurysm.
Patients treated by exceptional selections and outcomes are shown in Table 4 . Clipping was chosen as an exceptional selection in seven patients. Three of the seven patients showed mRS 0-2, and four showed mRS 3-6. Five of the seven patients had internal carotid-posterior communicating artery bifurcation aneurysms. Although the shape of the posterior communicating artery was the usual reason for exceptional selection of clipping, good outcomes were achieved in around half of these 
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Treatment Selection for Ruptured Aneurysm and Outcomes patients. Coil embolization was chosen as an exceptional selection in six patients, for five anterior communicating artery and one internal carotid artery apex aneurysms. The reason for selecting coil embolization was preservation of the perforator. All patients demonstrated outcomes of mRS 0-2.
Discussion
The factors influencing poor outcome are preoperative neurological grade, patient age, location, and aneurysm size. 2, 4, 10, 12) In this study, aneurysms larger than 11 mm were excluded, because the result of coil embolization is not satisfactory due to coil compaction. 9, 13) During this period, 7 aneurysms larger than 
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11 mm were treated. Although clipping was indicated as the first selection, 4 aneurysms were actually treated by coil embolization because of the poor grade, and one of those four was later changed to clipping due to coil compaction. 9) In this study, the mean diameter of aneurysms treated by clipping was 4.6 ± 1.5 mm, and that of those treated by coil embolization was 5.6 ± 2.5 mm. Aneurysms treated by coil embolization tended to be larger than those treated by clipping, although there was no significant difference. Previous studies have reported good or fair outcomes after clipping in 47% of patients aged between 70 and 79 years, 4) and excellent or good outcomes after coil embolization in 43% of patients older than 70 years. 1) In this study, 62 of 77 patients (81%) aged 69 years or younger showed mRS 0-2 whereas 15 of 77 (19%) showed mRS 3-6, and 20 of 36 patients (56%) aged 70 years or older showed mRS 0-2 whereas 16 of 36 (44%) showed mRS 3-6. The difference in outcome between elderly and young patients was significant. This finding is comparable to those of previous reports.
In a previous study, Sundt et al. reported 93% of patients with preoperative H&H grades I-II, 84% with H&H grade III, 51% with H&H grade IV, and 23% with H&H grade V showed excellent or good outcomes. 12) Also, Yasargil et al. reported 95% of patients with H&H grades I-III and 28% with H&H grades IV-V had excellent or good outcomes. 14) Investigation of patients with poor preoperative grade indicated that 38% of patients with H&H grades IV-V showed good outcome, 8) and 64% of patients with H&H grade IV showed good outcome with early ventriculostomy. 3) Every study of coil embolization has included some clipping cases, but Ross et al. reported 46% of patients with H&H grades IV-V showed good results after coil embolization. 11) In this study, 72 of 84 patients (86%) with H&H grades I-III and 10 of 29 (34%) with H&H grade IV showed outcomes of mRS 0-2. The difference between the outcomes of patients in good and poor preoperative grades was significant. This finding is comparable to those of previous reports. Coil embolization was selected for elderly patients and those with poor preoperative grade, so this study already had selection bias. The overall outcome of coil embolization cannot be simply compared with that of clipping. 7) Yasargil et al. reported only 9% of patients with basilar artery aneurysm showed poor outcomes or died. 14) In our study, all patients with paraclinoid or basilar artery aneurysm in H&H grades I-III showed mRS 0-2 following coil embolization. The outcomes of aneurysms in this location were also attributed to the preoperative grade. This outcome is comparable to previously reported results.
The ISAT study showed rebleeding rates of 1% following clipping and 2.7% following coil embolization, 5) and the difference was not significant. In our study, the rebleeding rate was 2.6% following clipping and 8.3% following coil embolization, and this difference was not significant. This study probably included many aneurysms that were difficult to treat by either clipping or coil embolization. If coil embolization does not seem adequate, we recommend that the patient be managed by inducing low blood pressure and remaining in a quiet environment for 1 or 2 days during completion of intraaneurysmal thrombosis. 6) This study showed that patient age and preoperative grade are important factors affecting outcome after both clipping and coil embolization. Location is also concerned with outcome, but the outcomes of patients with paraclinoid or basilar artery aneurysm treated by coil embolization were attributed to preoperative grade. Therefore, the difficulty associated with location is less important. To develop more selection criteria, poor outcomes in patients with good preoperative grade and patients treated by exceptional selection can be analyzed. Of the patients with good preoperative grade but poor outcome, one patient developed rebleeding after clipping, two patients were treated by highly invasive clipping (one underwent second surgery and one was elderly and underwent bilateral surgery), one patient sustained perforator injury during clipping, and two patients had rebleeding after coil embolization. Other patients with good preoperative grade Neurol Med Chir (Tokyo) 51, January, 2011
Treatment Selection for Ruptured Aneurysm and Outcomes but poor outcome had hemiparesis or aphasia on admission. Six patients mainly with anterior communicating artery aneurysms were exceptionally selected for coil embolization to preserve perforators, and demonstrated outcomes of mRS 0-2. The findings in patients with good preoperative grade but poor outcome and in patients with exceptional selection suggest that low invasiveness coil embolization is better than clipping to obtain good neurological outcome for patients with perforators difficult to dissect, aneurysms difficult to dissect due to previous open surgery, and aneurysms requiring bilateral open surgery, despite the slightly increased rebleeding rate in coil embolization. Actual selection of treatment will also involve informed consent considering patient background, lifestyle, and desires before rupture of the aneurysm.
In the present series of 113 ruptured intracranial saccular aneurysms under 10 mm in diameter, selection criteria for coil embolization were principally paraclinoid or posterior circulation aneurysm, H&H grade IV or over, and patient age 75 years or older. Other aneurysms were principally treated by clipping. Aneurysms with a dome/neck ratio of less than 1.5, distorted aneurysms, H&H grades I-III, patient age 74 years or younger, and middle cerebral artery aneurysm were actively treated by clipping. A few exceptional indications were also considered in detail, including perforators and surgical invasiveness. Low invasiveness coil embolization is better than clipping to obtain good neurological outcome beyond the principal criteria for patients with perforators difficult to dissect, aneurysms difficult to dissect due to previous open surgery, and aneurysms requiring bilateral open surgery, despite the slightly higher rebleeding rate in coil embolization. Overall outcomes were mRS 0-2 in 73% and mRS 3-6 in 27% of patients. Appropriate selection of clipping or coil embolization can achieve acceptable treatment outcomes of ruptured aneurysm in a so-called`r egional center hospital.''
